stripes, road-bridge gaps, or sharp turning radii-may prove hazardous for motorcycles. Additionally, motorcycles do not provide protection to users in the same way that cars provide protection to passengers. In the event of a crash, a motorcyclist must rely on the surrounding environment for protection from serious injury. Due to these differences, the available safety ratings may not apply to motorcycles. One strategy for reducing motorcycle crashes and fatalities in the United States is to identify and highlight roadways that are particularly dangerous to motorcyclists. In the near term, developing and promoting specific safety ratings for motorcyclists will highlight roads on which motorcyclists need to take particular caution. In the longer term, roadway-rating systems that are motorcyclist specific will focus the attention of policy makers on roadways that require improvement.
METHODOLOGY
The approach of this study was to compute road risk based on motorcycle crash rates. Three data elements were needed to complete the analysis: crash records, data on motorcycle traffic volume for each highway, and roadway geometric feature data. Roadways were divided into segments based on the functional classification of the road. For each segment, crash rates were determined, and then the segment was given a risk rating based on this crash rate. Crash rates were computed by dividing the total number of crashes on the segment by the motorcycle vehicle miles traveled (VMT) in thousands over the segment, as shown in Equation 1.
This crash rate normalizes the total number of crashes based on how often roadways are used by motorcyclists. Therefore, the computed crash rates for different segments of roads can be directly compared. These crash rates were then categorized into five different risk levels, coded by risk severity, and mapped to create a visual representation of roadways across the area of interest. In this study, the methodology was demonstrated by using data on more than 1,000 mi crash rate total crashes VMT = 1 000 1 ,
( )
The European Road Assessment Program (EuroRAP), which was started in 2001, developed three different protocols for rating the safety of roadways: risk mapping, star rating, and performance tracking (1) . The risk-mapping protocol calls for color-coding roads based on the risk of fatality or severe injury along sections of road. Similar to car-crash-rating systems, EuroRAP developed a four-star-rating system to rate the safety of roads based on their design aspects under the star-rating protocol. Last, the changes in fatalities and crashes over time on a roadway were rated based on the performance-tracking protocol (2) . Similar rating systems have been applied in the United States (3) and Australia (4). These systems have based safety ratings on all road users. Motorcycles, however, are vastly different from other vehicles on the road. They are highly unstable with unique driving and braking requirements. Slight variations in the roadway that would be unnoticed by most cars-e.g., uneven surfaces, low-friction paint of roadway in New Jersey. Last, an in-depth investigation of a severe-risk road segment was compared with the data found in this study to determine factors that may influence motorcycle crashes.
Data Sources
The analysis for this study was based on information gathered from three sources. Crash data were drawn from the NJCRASH database, available on the New Jersey Department of Transportation (DOT) website. The NJCRASH database includes records of all policereported crashes in New Jersey from 1997 to 2008. Crash records from 2001 to 2008 were used for this study. NJCRASH provides two data elements that geocode the location of the crash: the Standard Route Identifier (SRI) and the milepost. The SRI denotes the roadway on which the crash occurred, and the milepost gives the exact location on the roadway. Crashes without a milepost record were excluded from the analysis since their location could not be determined. On roads that we examined, 11.4% of motorcycle crashes were excluded due to missing milepost information.
Additionally, the New Jersey DOT publishes yearly average travel activity by vehicle type, which was used to compute the statewide average crash rate and motorcycle representation on highways (5). There are 12 different types of roadway classifications in New Jersey. For each roadway classification, the annual percentage of total traffic that comprised motorcycles on each roadway type is reported. These data were available for the years 1999 to 2007. For this analysis, the percentage of motorcycles on each roadway type was averaged for the years 2001 to 2007. Table 1 gives the average percentage of motorcycles in the total traffic volume by roadway type.
One challenge associated with using these data is that vehicle detection systems do not always register motorcycles (6) . This study assumed that the fraction that was miscounted was uniform throughout all counters and resulted in a systematic error. Crash rates computed in this methodology are based on the same data and normalized based on the statewide average crash rate. Therefore, the risk factors associated with each segment are a comparison of crash rate on each road segments to the average crash rate in the state and would remain unchanged with a systematic shift in vehicle counts.
Roadway data were gathered from the New Jersey straight-line diagrams (SLDs) (7) . The SLDs contained detailed information about all roads in New Jersey. The SLDs provided the functional roadway classifications, which were used to divide each roadway into individual segments, as shown in Line A of Figure 1 . These classifications were also used as a basis for the percentage of road users that were motorcyclists, as previously described. Also, the average annual daily traffic (AADT) was reported at different intervals along each roadway (Line B, Figure 1 ). This information was used to compute the VMT for each road segment.
Development of Methodology
Three steps were taken to compute the crash rate for each segment of road. First, roads were divided into segments representative of the different road classifications as specified in the SLDs. Second, AADT data were converted to VMT, and the crash rates for each segment were computed. Each segment was then assigned a risk factor and mapped by using Google Earth Pro. Last, the risk factor of each segment was compared with the risk factor for cars, which was computed by using the same methods as for motorcycles.
Road Segment Division
Road segment lengths were determined on the basis of the roadway classification as specified in the SLD. Crash safety is expected to be a function of road type. For example, divided highways might have a lower crash rate than narrow rural roads. Continuous sections of road listed as the same roadway type were grouped together. Additionally, the change in roadway type typically indicates a change in the roadway usage.
For roads on which the roadway classification remained constant for long segments of road, the road was divided into 10-mi (16.1-km) segments. Segment lengths of 1, 5, and 10 mi (1.61, 8.04, and 16.1 km respectively) were tested to determine the optimal length. There were more fluctuations in the data due to the lesser number of crashes in each segment for segments of 1 and 5 mi. The minimum number of crashes per segment was set to be 10 crashes to reduce the influence of fluctuation in the data on the risk factor. Dividing the large segments of road into 10-mi segments typically enabled the number of crashes to be above the set minimum number of crashes. Since this division is not as precise, details about fine sections of roads are lost. However, this division was chosen since there was less fluctuation, resulting in more meaningful data.
Computation of Crash Rate
Motorcycle crash rates were based on the motorcycle VMT in thousands. The VMT was calculated based on the AADT counts reported in the SLDs at different intervals along the roadway. There were several challenges in using the available AADT measurements. First, there were multiple AADT counts within most road segments. Often these counts spanned several years. For such segments, the average of all AADTs within the segment was taken, to find the AADT for the road segment. In contrast, some segments did not incorporate an AADT record. In these cases, the AADT was linearly interpolated based on the middle distance of the previous and following segments of roadway. The VMT for each segment was computed by using the AADT counts for each segment. The AADT for each segment was multiplied by the percentage of motorcycle volume on the respective roadway type to compute the motorcycle AADT for each segment. Next, the VMT was calculated by using Equation 2 based on the motorcycle AADT for each segment of road.
All police-reported motorcycle crashes in New Jersey from 2001 to 2008 were used to find the total number of crashes per road segment, regardless of crash severity. There were approximately 2,700 motorcycle crashes per year in New Jersey. The authors used 8 years of crash data to decrease the influence of fluctuation in the data. The crashes included in this study were both single and multivehicle crashes. If two motorcycles were involved in the same crash, it was only recorded as one crash. Thus, the computed crash rate is based on the total number of crashes as opposed to the total number of motorcycles involved in crashes. Crash rates were calculated by VMT motorcycle AADT segment length in miles = 
Risk Factor Classifications and Mapping
The risk factor of each segment was determined based on the crash rate for each segment of road. Five different risk classifications were used in this study. The ranges of crash rates for the different risk factors were computed based on the statewide annual crash rate. The average statewide crash rate for 2001 to 2007 was found to be 0.015 crashes per 1,000 VMT. Nationally, the average crash rate was 0.009 crashes per 1,000 VMT, which was computed based on General Estimates System data and NHTSA's Traffic Safety Facts: 2007 Data: Motorcycles (8) . The average statewide crash rate was chosen since it was more specific to the data used for this analysis. This crash rate was set to be the median value for the moderate risk factor classification. Table 2 gives a breakdown of the crash rates incorporated in each risk factor. Roadway segments were mapped based on their risk factor, with different line styles indicating the various risk levels. Table 2 also lists the style used for mapping by risk factor. As previously addressed, there are smaller numbers of motorcycle crashes than car crashes, exacerbating the problem of statistical fluctuation. In our study, risk levels were not calculated for roadway segments with fewer than 10 crashes. These segments were represented on the map as dashed lines and labeled as insufficient data. Additionally, some segments of the roadways analyzed combined with other roads and crashes were recorded as having taken place on the other road. These segments were omitted from the analysis. The roads were mapped by using Google Earth Pro based on the start and end mileposts of each segment. Milepost data were attained from the NJCRASH database by using 2007 and 2008 data. For these years, most crashes were geocoded with SRI and milepost, along with latitude and longitude coordinates. These coordinates were input into Google Earth, marking the road. This crash data were used specifically for these purposes, and no other information about the crashes was retained. Mileposts were marked approximately every 0.5 mi. The path feature in Google Earth Pro was used to highlight the different roadway segments based on the risk level.
Comparison to Risk in Passenger Cars
The crash rate of passenger cars was also computed for each segment by using the same methods as for motorcycles. The AADT was scaled based on the percentage of cars on each roadway type and then converted to VMT. Risk rates were then assigned to each road based on the average statewide crash rate of 0.005 crashes per 1,000 VMT for 2001 to 2007. The same five risk categories were assigned, with the average crash rate being the median value of the "moderate" risk category. Since these risk factors were developed by using the same methodology and scaled for each vehicle type, they can be used for direct comparison.
In-Depth Roadway Inspection Comparison
In a previous study, motorcycle crash sites were visited to develop a better understanding of roadway conditions that may be hazardous to motorcyclists. Motorcycles are more vulnerable to variations in the roads as they are significantly less stable than other motor vehicles. The satellite imagery provided a first look at roadway geometry, which may have an influence on the number and severity of crashes. However, the imagery was not of a high enough resolution to determine finer details of the road. One area of particular severity was on County Route (CR) 579, between Mileposts 36 and 37, with 13 motorcycle crashes occurring within 8 years. Since this area was already known to be hazardous, it was included in this analysis for comparison to other roadways.
RESULTS
In total, 16 roads in New Jersey were selected for analysis based on the number of crashes on each roadway and roadway location in the state. The roads were then segmented, and the AADTs were found. The crash rates were determined, and the roads were mapped according to their crash risk. The risk of each segment was then compared with the crash risk of passenger cars on that segment. The in-depth investigation of CR-579 was then analyzed to determine possible road geometry or road condition issues that might make it a severe location.
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Roadways Table 3 lists the roads chosen, their respective length, and the number of motorcycle and passenger car crashes that were included in the analysis on the entire length of road. All of the roads, with three exceptions, had more than 100 motorcycle crashes over their spans. NJ-33 and US-322 had fewer crashes, but they were chosen because of their spatial orientation through the state in order to obtain a more diverse map. CR-579 was chosen because of previous knowledge about a dangerous area for motorcycles. The roads chosen for this study consisted mainly of segments classified as rural and urban principal arterials. However, other types of roadway classifications included urban freeway and expressways, urban collectors, rural major collectors, and urban and rural minor arterials.
Risk Map
After the roadways were broken down by road type and analyzed, they were transcribed onto a map of New Jersey, by using the path function of Google Earth Pro. The completed map can be seen in Figure 2 . These 16 roads correspond to 1,099.5 mi (1,769.5 km) of roadway. Table 4 shows the distribution of roadway classifications for each roadway analyzed. The highest percentage of road segments (26.6%) was classified as medium risk. This is followed closely by the amount of road that had insufficient crash data (23.0%).
Severe risk areas accounted for 19% of the roads that were mapped. This corresponded to more than 200 mi (322 km) of roadway and included 756 crashes, more than 28% of the total motorcycle crashes occurring on the roads that were analyzed in this study. Also, there were very few low-risk segments on the analyzed roadways. In total, 49.46 mi of the 1,099.5 mi (79.6 km of 1,769.5 km) were deemed low risk.
Comparison with Passenger Car Risk
On average, motorcycles had a higher risk on the roadways analyzed than passenger cars. Table 5 shows the distribution of risk factor for cars on each roadway. Of roadways, 40.5% were classified as medium risk for cars. Severe-risk areas accounted for 5.7% of roadways. Table 6 compares the risk factors on each road segment for motorcycles and cars, which are based on the statewide average crash rate for each vehicle respectively. For instance, the column titled "% Higher Risk Factor for Cars" gives the percentage of the roadway on which cars had a higher risk factor (i.e., high risk for cars and medium risk for motorcycles). Motorcycles were at a higher risk on 31.9% of the roads analyzed, and cars were at a higher risk on only 15.0% of the roads. Motorcycles and cars had the same risk factor on 27.2% of roads analyzed. There were a total of 267.1 mi (429.9 km) of severe-and highrisk roads for motorcycles analyzed in this study. Of these, the risk factor was higher for motorcyclists on 73.8% of the roadway. This corresponds to 197.2 mi (317.4 km). An additional 13.5% (36.2 mi or 58.3 km) of these segments had the same risk factor for motorcycles and cars. On the roads analyzed, 155.0 mi of the roads were classified as high or severe risk for cars. Of these roads, 42.1% had a higher risk for cars than for motorcycles, corresponding to 65.3 mi (105.1 km) of roadway. Motorcyclists had a greater risk on 30.4% of these roads (47.2 mi or 76.0 km).
Roadway Inspection: CR-579, Bethlehem Township, Hunterdon County
One roadway of particular interest was between Mileposts 36 and 37 on CR-579, in Bethlehem Township, Hunterdon County. In a previous study, this section was determined to be a high-risk area to motorcyclists.
There were 13 motorcycle crashes on this 1-mi segment of road from 2001 to 2008. The motorcycle crash risk for this segment was 0.265 crashes per 1,000 VMT. This is more than 170 times higher than the statewide average crash rate of 0.015 crashes per 1,000 VMT for motorcycles. This site was chosen for inspection due to the high concentration of crashes. Google Earth satellite images showed a tight curve on this segment of road. The road turns 137°about a 49-ft radius of curvature, as shown in Figure 3 .
Of the 13 crashes in this area, 11 occurred when the motorcyclist was travelling north. In the northbound direction, the road took a sharp turn left and disappeared from vision due to the downgrade of the road, as shown in Figure 4 . The road had an average downgrade of 11°and a 23°slope towards the center of the road. The guardrail located on this curve had notable damage in five locations, which may or may not be related to the motorcycle crashes.
Between 2001 and 2008, there were 42 crashes of all vehicle types on this 1-mi segment of road including the aforementioned 13 motorcycle crashes. The crash rate for other vehicles on this segment was 0.003 crashes per 1,000 VMT. Based on a statewide average crash rate of 0.004 crashes per 1,000 VMT for other vehicles, this would be a medium risk area for other vehicles. However, it is a severe-risk area for motorcycles. The crash rate is 79.6 times higher for motorcycles than for other vehicles on this segment. 
DISCUSSION OF RESULTS
There are a few limitations to the methodology developed in this study. First, there was a limited amount of AADT data available. For segments without AADT data, counts were linearly interpolated under the assumption that traffic flow is consistent from one section of road to the next. However, this is not ideal data for the methodology. Second, there is a relatively low number of motorcycle crashes. Several sections of road needed to be excluded from the analysis due to fluctuations. Therefore, this methodology may not be applicable to roads with relatively few motorcycle crashes. Also, roadway factors are not the only factors contributing to motorcycle crashes. Rider and vehicle factors may also contribute to the risk of a crash. An assumption of this study is that the composition of the motorcyclists on each roadway type is the same. This assumption allows for direct comparison of roadways, since it is assumed that the riding population on roadways of the same type is the same.
CONCLUSIONS
Motorcycles are different from other vehicles on the road; they are less stable and provide less protection to operators and passengers. Roadway-rating systems are being developed in several countries, but are designed primarily for use by car drivers. These rating systems are of limited value for motorcyclists. As demonstrated through the comparison of risk on each roadway to that of passenger cars, motorcycles have different crash trends than other vehicles. Through this study, a methodology was developed to assign motorcycle-specific safety ratings to roads. The methodology was applied to 16 roadways, covering 1099.5 mi (1769.5 km), in New Jersey.
To date, 16 roadways in New Jersey have been rated and mapped, yielding a data set. This data set can be extended to other roadways in New Jersey, as well as across the nation. Comparing these data to crash ratings previously developed will highlight areas, such as that on New Jersey's CR-579, that pose a specific threat to motorcycle riders. These areas are ideal candidates for in-depth investigations, for improvements that make the roadways safer. Additionally, motorcyclists can be warned to take extra caution in these hazardous areas or to avoid them.
